A 3-tiered system of acute care hospitals for stroke exists, consisting of Acute Stroke Ready Hospitals, primary stroke centers (PSC), and comprehensive stroke centers (CSC), in order of increasing resources/capabilities. [1] [2] [3] [4] Emergency medical services (EMS) destination policies directing patients to PSCs are common in the United States and have been reported to improve treatment with tissue-type plasminogen activator. [5] [6] [7] Studies have shown a benefit for endovascular thrombectomy in stroke with large vessel occlusion. 8 Because thrombectomy is not available at many PSCs but is available at all CSCs, there is a need for quantitative data on the impact of alternative prehospital destination policies, which incorporate both PSCs and CSCs, particularly in metropolitan areas, where hospitals are in close proximity.
The city of Philadelphia adopted a PSC destination policy in October 2011, which routed patients with a suspected stroke and symptom onset within 6 hours to the closest PSC rather than the closest hospital. We used geographic modeling to estimate the impact of the PSC policy and to model an alternate policy in which patients with stroke are transported to the nearest CSC.
Methods
This study is a repeated cross-sectional study approved with a waiver of informed consent by the Institutional Review Board at the University of Pennsylvania Health System and the City of Philadelphia. Full Methods are presented in the online-only Data Supplement. Briefly, the Philadelphia Fire Department is the sole EMS provider responding to 911 calls in the city of Philadelphia. All EMS encounters in the Philadelphia Fire Department EMS database with a primary impression of cerebrovascular accident/"CVA", stroke, transient ischemic attack/"TIA" from 1/1/2004 to 12/31/2013 were included. For analysis, we limited to cases with transport times <60 minutes because of concern that longer times were erroneous (95% of recorded transport times were <30 minutes). PSC certification status and date of initial certification were determined for all nonpediatric hospitals. PSC certification included a certification by either The Joint Commission or Det Norske Veritas.
Modeling Travel Time From Scene to Hospital
Geographic drive-time modeling estimated transport time from the incident address to all possible hospital destinations. To identify bypass from the closest receiving hospital to a PSC, estimated driving times, rather than radial distances, were used. Estimated driving times were calculated by querying the Bing Maps API from Microsoft using Background and Purpose-We evaluated the impact of a primary stroke center (PSC) destination policy in a major metropolitan city and used geographic modeling to evaluate expected changes for a comprehensive stroke center policy. the taRifx.geo package in R: A language and environment for statistical computing, with successful geocoding of over 90% of incidents. A bypass incident was indicated when transport to a hospital which was not the closest by travel time occurred. A similar approach was used in measuring bypass to the 2 hospitals that became certified CSCs during the study period. We compared estimated counterfactual times and EMS reported travel times and calculated the estimated additional transport time for a policy in which all patients were taken to a PSC, rather than the closest hospital. The modeling process was then repeated for a theoretical destination policy in which stroke cases were transported to the closest CSC, rather than the closest hospital or PSC.
Methods-We
Data supporting our findings are available from the corresponding author on reasonable request.
Results
From January 1, 2004 to December 31, 2013, there were a total of 2 326 943 EMS encounters in the Philadelphia Fire Department database. Of these, 15 099 incidents were identified as stroke, cerebrovascular accident, or transient ischemic attack, by EMS provider impression and 13 677 were successfully geocoded. There were 22 nonpediatric hospitals receiving cases; 17 became certified as a PSC during the study period, and 2 as CSCs. PSC certification over time is shown in Figure I in the online-only Data Supplement.
The proportion of suspected stroke cases arriving at each hospital by year is shown in Figure II in the online-only Data Supplement. In 2013, most hospitals were near historical levels, and only 17% of suspected stroke cases arrived at 1 of the 2 CSCs. Figure III in the online-only Data Supplement shows the proportion of EMS encounters that bypassed the closest hospital for a PSC, demonstrating that bypass was common before the official policy.
The mean estimated transport time for all cases was 6.7 minutes before and 7.1 minutes after the PSC policy, P<0.001. Using EMS reported travel times, rather than estimated times, and limited to times <60 minutes, the times were 9.4 minutes before and 11.9 minutes after, P<0.001.
A comparison of estimated to actual times is presented in Table 1 . Actual times are shown for all transports, and limited to transports <60 and <30 minutes, because of concern that longer times may be erroneous. The estimated additional transport times for counterfactual PSC and CSC destination policies are shown in Table 2 . Transporting to the nearest PSC, rather than the nearest hospital, added a median 3.1 minutes of transport time (interquartile range, 0-7.3) and transporting to the nearest CSC added a median 8.3 minutes (interquartile range, 3.9-13.5).
Discussion
The American Heart Association recommends regionalized systems of care in which EMS preferentially transport patients to a higher level of care when the additional transport time is <15 to 20 minutes. 9 More recently, a published model favored direct transport to endovascular capable centers with even longer transport times. 10 With this context, our results suggest that preferentially routing suspected stroke cases to CSCs is feasible in our region. Our findings are similar to a study from the greater Cincinnati area which estimated direct transport to a CSC would require a mean 7.9 minutes of additional transport time. 11 Although these studies cannot be generalized to other cities or rural areas, together they suggest that CSC destination policies may be feasible and demonstrate how geographic modeling can inform policy.
One of the challenges of developing a stroke destination policy is determining which patients require CSC care. It is important to limit overtriage to avoid overwhelming volumes of patients at CSCs. Patients with large vessel occlusions are prime candidates for preferential routing to a CSC, and represent a relatively small subset of stroke patients. Prehospital stroke scales to identify large vessel occlusion exist, although their accuracy is uncertain. 12 Additionally, decisions will need to be made on how to handle PSCs that are capable of performing thrombectomy but do not have the full capabilities of a CSC.
Despite the complexities, there are potential benefits to stroke regionalization. A small population-based study showed improvements in treatment rates and times after initiation of an EMS policy directing acute stroke patients with Rapid Arterial Occlusion Evaluation Scale (RACE) score ≥5 direct to endovascular capable centers. 13 Research examining tiered prehospital guidance and secondary triage from PSC is needed to optimize stroke systems.
There are limitations to our study. Acute stroke cases were identified by EMS provider impression, which is imprecise. Our definition may have missed cases where the impression field was blank or incomplete. Also, EMS diagnosis of stroke has a sensitivity ranging from 44% to 72%.
14,15 The Philadelphia Fire Department database does not include time of onset or stroke severity, so we are unable to do subgroup analysis based on these variables. Modeling estimates were 3 to 4 minutes faster than reported transport times. Our model does not account for time of day or traffic effects, which may be contributing to this difference. Nonetheless, our estimates are well below the 15-to 20-minute cutoff recommended by the American Heart Association. 
Conclusions
A comprehensive prehospital destination policy, which incorporates both PSCs and CSCs, is feasible in a large metropolitan area.
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